Objective: Chronic lateral epicondylitis is a condition which becomes sore and tender on the lateral side of the elbow joint damaged from overuse and repetitive use of the extensor muscles of the forearm. The purpose of this study was to investigate the effects of flexion degrees in the elbow joint on extensor carpi radialis longus and brevis and biceps brachii muscles in individuals with healthy young adults. The main purpose of this study was to suggest the feasibility of optimal elbow angle during therapeutic eccentric exercise with resistance for strengthening of wrist extensors. Design: Cross-sectional study. o , and 90 o during eccentric exercise with weight loading in wrist extensors, extensor carpi radialis longus and brevis and biceps brachii muscles using surface electromyography. Results: The muscle activation of extensor carpi radialis showed a negative relationship with the degrees of elbow joint flexion. With increasing elbow flexion angles, the ECRL muscle activation amount was significantly lower (p<0.05). In contrast, the muscle activation of the ECRB muscle activation amount was significanlty higher (p<0.05). Conclusions: This study suggests that the eccentric exercise of wrist extension with selected activation of wrist extensor muscles according to elbow flexion positions, and suggests that the extensor carpi radialis longus and brevis will need to be strengthened for preventing and treating chronic lateral epicondylitis regardless of degrees of elbow joint flexion.
Introduction
Chronic lateral epicondylitis is a condition, which becomes sore and tender on the lateral side of the elbow joint, and it is known as "tennis elbow" but it is usually not associated with actually playing tennis [1] . Chronic lateral epicondylitis is based on excessive and repetitive use of upper extremity, particularly the extensor muscles of the forearm in daily and functional activities such as reaching, grasping, and manipulation [1] . Therefore, chronic lateral epicondylitis is relatively a common condition that can affect persons with repetitive movement of upper extremity such as table task workers, musicians, as well as homemakers [2] .
Chronic lateral epicondylitis involves the proximal tendons of the wrist extensors from a pathomechanical perspective, and extensor carpi radialis is particularly subject to increased stress during functional activities requiring powerful grasping [3] . Clinical rehabilitation settings have supported that therapeutic eccentric exercise is an effective therapeutic approaches to reduce the symptoms associated with overuse syndrome such as chronic lateral epicondylitis [4, 5] . Previous studies have noted alternative activation, increased or decreased activation of the extensor carpi radialis, but they have not noted the extensor carpi radialis brevis (ECRB) although chronic lateral epicondylitis is affected to increase pain at the insertion site of the ECRB muscle, middle finger, and during wrist extension [4, 6, 7] . One of the important problems in chronic lateral epicondylitis is alternative muscle activation in wrist extensors, and another problem that is not considered but necessary for proper therapeutic exercise approaches to appropriately activate the wrist extensors. This study considered whether the therapeutic eccentric exercise with weight loading on wrist extensors, extensor carpi radialis longus (ECRL) and brevis is affective or not. This study also conducted on the effectiveness of degrees of elbow joint flexion on amount of muscle activation in wrist extensors during the therapeutic eccentric exercise with weight loading. The purpose of this study was to investigate the effects of flexion degrees in elbow joint on extensor carpi radialis and biceps brachii muscles in individuals with healthy young adults. The main purpose of this study was to suggest the feasibility of optimal elbow angle during therapeutic eccentric exercise with resistance for strengthening of wrist extensors.
Methods

Subjects
Thirty healthy young adults (male 15, female 15) participated in this study. Participants conducted the purpose and method of this study before participating and written consent to research participation were given spontaneously. The inclusion criteria were as follows: persons without any pain in upper extremity and upper body before last six months, persons without taking any medication and any plastic surgery at upper and low extremities, and persons without any neurological lesion. Participants who had a skin problem affected by attaching the surface electrode were excluded in this study. The characteristics of participants are shown in Table 1 . Muscle activation was measured at 5 seconds, at the middle of 10 seconds, 3 times, and there was a five minute interval between each muscle contraction to avoid muscle fatigue. The filtered muscle activation was normalized by dividing the observed electromyography value by the maximum voluntary isometric contraction. Mean values of maximal voluntary isometric contraction were normalized and was used for analysis in this study (Figure 2 ).
Experimental equipment
This study used surface electromyography device (Trigno; Delsys Inc., Boston, MA, USA) to measure muscle activation of wrist extensors and biceps brachii according to four different conditions of elbow flexion positions. The signal sampling rate of the electromyography was set to 2,000 Hz, and the electromyography data was analyzed by Trigno Base 4.0 software. On the wrist extensors, electrode placement was on the muscle mass approximately 5 cm distal from the lateral epicondyle of the humerus. On the ECRL, 2 cm apart from the electrode of the ECRL over the muscle mass that emerge with the electrodes running in the direction of the muscle fibers at ECRB. Biceps brachii was measured over the muscle belly, approximately two-thirds of the distance between the shoulder and the elbow on the anterior surface of the humerus in the vertical plane [8] .
Statistical analysis
The dependent variables were muscle activation of ECRL, ECRB, and biceps brachii, and the independent variable was degrees of elbow joint flexion in this study. Descriptive statistics was used to define the common characteristics (mean, standard deviation, and range) of the participants of this study. Repeated measures ANOVA used to analyze the muscle activation of biceps brachii and ECRL and brevis according to four different conditions in the elbow joint. This study also used Fisher's least significant difference as the post-hoc analysis. All statistical calculations were performed using the IBM Statistical Package for the Social Sciences 20.0 statistical package (IBM Co., Armonk, NY, USA). The significance level was set at α=0.05. 
Results
The muscle activation of biceps brachii was not significantly different in all four different conditions of elbow flexion. The ECRL showed a decrease in muscle activation, as the degrees of elbow joint flexion increased. The more flexed posture the elbow joint was, muscle activation the ECRB increased (Table 2, Figure 3) .
Discussion
This study evaluated the effect of elbow flexion on wrist extensors and biceps brachii muscle in healthy young adults. The results of this study show that the ECRL decreased according to increasing flexion of the elbow joint, but ECRB was increased with an increase in elbow flexion. Therefore, muscle activation of the ECRB increase to reinforce the wrist extension in inverted proportion to muscle activation of the ECRL during eccentric contraction regardless of the degrees of elbow joint flexion.
Previous studies have reported the effectiveness of therapeutic approaches such as medication, electrical and thermal modalities, cold massage, cross friction massage, and steroid transcutaneous injection on chronic lateral epicondylitis [4, 5, [9] [10] [11] . However, these therapeutic approaches would have temporary effects and has some side effects. Therefore, it is necessary to strengthen wrist extensor muscles themselves. Chronic lateral epicondylitis occurs from repetitive forearm pronation and supination with wrist hyperextension so the age of this common occurrence in persons is not selective and it is the most common disorder in musculoskeleral conditions [12] . A stretching technique of wrist extensors for lateral epicondylitis is generally pulling the wrist into flexion with the elbow in extension and forearm in pronation [13] . Shirato et al. [14] reported the effectiveness of the stretching technique has not been clarified in the ECRB and extensor digitorum communis (EDC). They have emphasized the therapeutic exercise of ECRB for lateral epicondylitis. Nimura et al. [12] evaluated to identify the unique anatomical characteristics of the ECRB origin and points of differentiation from other wrist extensors. They reported the anterior part of the ECRB origin was delicate, because the ECRB origin was purely tendinous and the attachment of the articular capsule was thin compared with that of the posterodistal attachment. The thin attachment could be an initial factor leading to the development of lateral epicondylitis. According to the previous studies, the ECRB is the most important factor causing lateral epicondylitis, and then ECRB would be taken the proper management to prevent and treat the chronic lateral epicondylitis in clinical rehabilitation settings [7, 12] . However, the established eccentric exercise for chronic lateral epicondylitis has not considered the ECRB except ECRL and EDC muscles [1, 4] . The results of this study also show the important consideration of ECRB in wrist extension exercise with weight loading. Depending on the flexion angle of the elbow joint, the fulcrum point and angle and distance from the fulcrum point to muscle fibers are different in mechanical kinesiology's view, so that the muscle activation of the ECRB was different depending on the increase of flexion degrees of the elbow joint, and the ECRB muscle activation increased to decrease the ECRL activation. Therefore, the ECRB muscle activation would be to reinforce the ECRL muscle activation according to increase elbow joint flexion during wrist extension. There is important muscle activation because most table tasks for functional activities take several positions of elbow flexion from 0 o to 90 o . The strengthening of the ECRL and ECRB for preventing and treating chronic lateral epicondylitis regardless of degrees of elbow joint flexion is important. This study suggests that eccentric exercises of wrist extension was activated of wrist extensor muscles according to elbow flexion positions. This study has been showed several limitations. The therapeutic effect of strengthening the ECRB and ECRL muscles will be used in future study. The other wrist extensors such as EDC will need to be investigated in the preventive and therapeutic effects for lateral epicondylitis likewise ECRB and ECRL muscles. This study involved only healthy young adults and future studies will need to involve the persons with chronic lateral epicondylitis to find evidence of preventing and treating the epicondylitis throughout eccentric exercises of the ECRB and ECRL muscles.
